The aim of this retrospective monocentric study was to evaluate results and recurrence rate with long-term follow-up after laparoscopic incisional/ventral hernia repair.
INTRODUCTION
Laparoscopic incisional and ventral hernia repair is a safe and worldwide accepted surgical procedure performed. In various studies there are compared different mesh types, or with follow-up periods that are too short to analyze the long-term complication and recurrence rates. Primary and incisional abdominal wall hernias are common issue in adult population, 1, 2 whereas incisional hernias represent a common complication in the long-term follow-up in patients who have undergone open abdominal surgery, with a reported incidence of up to 30% in laparotomies. [3] [4] [5] Laparoscopic treatment for incisional hernias was initially described by Leblanc and Booth in 1993, 6 and currently represents the surgical strategy of choice because of its well-recognized advantages. During the last 20 years, the use of laparoscopic ventral hernia repair has rapidly increased because of its benefits compared with open surgery. Laparoscopic repair is superior to open repair in terms of less blood loss, fewer abdominal wall complications, and shorter hospital stay 7-10 with a similar incidence of recurrence. 5 Widely recognized key factors in obtaining good results and decreasing compli-cation and recurrence rates include the following: careful patient selection, taking into account age, gender, comorbidities, site and size of the abdominal wall defect; mesh, i.e., type, size and shape of the mesh; mesh fixing devices, which can be nonabsorbable staples, absorbable staples, fibrin glue, or transfascial sutures, either used on their own or in varying combinations. 11, 12 A large number of articles involving numerous series of patients undergoing laparoscopic repair of incisional hernia have been published. 13 To overcome the limitations of the available literature data, this monocentric study analyzed patients who underwent laparoscopic repair of an abdominal wall hernia or incisional hernia using only the open intraperitoneal onlay mesh technique and using a single mesh type, i.e., a composite polyester mesh with a hydrophilic film (Parietex Composite mesh; Medtronic, Minneapolis, MN). The aims of this monocentric retrospective study is to analyze the results (medical and surgical complications, bulging, recurrences) in the short, medium, and long term. Any risk factors identifiable in the population will be analyzed statistically, both with regard to the clinical features and the surgical technique. The main aim of this study was to analyze risk factors for long-term recurrence after laparoscopic repair.
MATERIALS AND METHODS
We present short-, medium-, and long-term results of our work, after more than 1,000 operations for incisional/ ventral hernia repair with a minimally invasive approach, from January 2001 to June 2017 at the San Marco Hospital-GSD (Bergamo, Italy) (before at the San Giuseppe Hospital (Milan, Italy) since 2008 to 2010; at San Gerardo Hospital (Monza, Italy) since 2001 to 2008); during this period the surgical team worked in these three centers; therefore, all cases are considered. Follow-up was performed by the team throughout the period. For all patients included, the following data were collected from the hospital records: age, gender, body mass index (BMI), comorbidities, American Society of Anaesthesiologists score, size and site of the abdominal wall defect, previous abdominal surgery, preoperative assessment, surgical timing (elective or emergency), surgery time, intraoperative complications, fixing devices, mesh overlap, conversion rate, postoperative complications, early repeated surgery, and length of hospital stay. All patients who underwent laparoscopic repair of an abdominal wall defect and/or an incisional hernia during the study period were eligible for inclusion in the study. Inclusion criteria were a symptomatic hernia of the abdominal wall and/or an incisional abdominal hernia, laparoscopic repair with intraperitoneal mesh (intraperitoneal onlay mesh technique), non-closure of the wall defect, and use of the composite polyester mesh (Parietex Composite mesh; Medtronic). Prior to surgery, patients underwent a clinical assessment, during which an ultrasound (US) or computed tomography (CT) scan was performed, depending on the surgeon's choice, but it was uncommon (32 of 1,029 patients; 3.11%). All patients received short-term prophylactic antibiotic treatment with 2 g of intravenous cefotaxime or 2.2 g of intravenous amoxicillin-clavulanic acid 1 h before surgery, plus deep-vein thrombosis prophylaxis with compression stockings and 0.3 mL of subcutaneous nadroparin calcium (0.4 mL in cases of BMI Ն30 kg/m 2 ) 12 h before surgery. All patients signed an informed consent form before surgery.
Surgical technique
The procedures were performed laparoscopically under general anesthesia. In most cases, three ports were used, placed on the left side of the abdomen, whereas for large defects (diameter larger than 10 cm), one or two additional ports were positioned on the right side of the abdomen. Pneumoperitoneum was created using a Veress needle to achieve an intraabdominal pressure of 14 mm Hg. In all cases, a 30°laparoscope was used. First, adhesiolysis is performed to recognize the size of the hernia, separating each anterior abdominal wall adhesion and visualizing the whole laparotomic wound to assess the presence of small defects. Wall defects were measured, both in the longitudinal and transverse direction, and in all cases the Parietex Composite mesh (Medtronic) was used, selecting the right size to achieve a circumferential overlap of at least 4 -5 cm. Identification of the defect was made on the skin, and the overlap was determined using a skin marker pencil on the external abdominal wall. Before placing the mesh, careful inspection of any potential bowel tears and bleeding to the wall was performed. Mesh was then moistened, rolled with hydrophilic gel inside, and finally introduced through a 12-mm port, unfolded, orientated, and centered on the defect, with hydrophilic gel placed toward the bowel and the polyester side toward the abdominal wall. Then the mesh was suspended using transcutaneous sutures and fixed in place with the circumferential application of either absorbable or nonabsorbable staples, depending on the surgeon's choice, according to the double-crown technique. Hemostasis was achieved before removal of the trocars, and no abdominal or subcutaneous drains were placed. All 10-and 12-mm port fascial openings were closed, and an elastic bandage was placed before the patients were woken.
Once discharged from hospital, patients were invited for follow-up visits, including a clinical evaluation at 1 mo, then for just a clinical examination at 3, 6, and 12 mo, and then annually. Follow-up US or CT scan evaluations were performed if the clinical visit alone was not sufficient to rule out complications.
Statistical analysis
Categorical variables are reported as frequencies and percentages, whereas continuous variables are reported as a median and interquartile range (IQR) because of nonnormal distributions. Univariate analysis of the differences between groups was performed using the 2 test for categorical data (with Fisher correction when needed) and using the nonparametric Mann-Whitney test for continuous variables. To identify potential predictors of clinical outcome (recurrence and early postoperative surgical complications), a multivariate analysis using logistic regression models was then performed. The covariates included in the final model were those with a univariate value of P Ͻ .05. Results are expressed as odds ratios (OR) with 95% confidence intervals (CI). Furthermore, a Spearman's correlation was run to assess the relationship between surgery time and the overlap measurement. For all the tests used, the statistical significance level was set at the conventional P Ͻ .05. The results were analyzed using StataSE 15 statistical software (Stata Corp., College Station, TX).
RESULTS
A total of 1,029 patients were recruited, including 568 males (55.20%) and 461 females (44.80%). The median age was 61 y (range 25-90) and the median BMI was 27 kg/m 2 (range 16.6 -74.0). These data and comorbidities are presented in Table 1 along with demographic and preoperative data. Regarding preoperative assessment, 96.1% of patients underwent a clinical diagnosis, whereas the rest underwent a radiological examination: a CT scan of the abdomen in 3.66% of cases and US of the abdominal wall in 0.24%.
Regarding the surgical procedure, 95.43% of patients underwent an elective operation (982 of 1,029 patients), whereas 4.57% had emergency surgery (47 of 1,029). For 7.29% of patients, the overlap was measured as 1-3 cm, in 17.88% it was 4 cm, in 39.16% it was 5 cm, in 33.92% it was between 6 and 9 cm, and for 1.36% of cases, it was more than 10 cm. Several devices were used to fix the mesh to the abdominal wall, which were characterized as resorbable in 92 of 1,029 patients (8.4%), nonresorbable in 867 of 1,029 (84.26%), sutures or fibrin glue in 15 of 1,029 (1.46%), and multiple devices in 55 of 1,029 patients (5.34%). Only glue was used in 29 of 1,029 cases (2.84%). The median surgery time was 40 min (IQR, 30 -55, range 10 -175 min); more specifically, for 81.73% of patients, the surgical procedure lasted less than 60 min, and for 16.13% it lasted between 60 and 120 min, whereas it lasted more than 2 hours for only 2.14% of cases. For 65.50% of patients (674 of 1,029), a second procedure was combined with the hernia repair (e.g., adhesiolysis, 492 of 674 patients, 73.0%, inguinal hernia repair, cholecystectomy, or others). Intraoperative complications occurred in two of 1,029 patients (0.19%, bowel perforation). Laparotomic conversion occurred in six of 1,029 cases (0.58%). These data are summarized in Table 2 . Table 3 . Regarding early postoperative complications, age and recurrence abdominal hernia showed a statistically significant difference (P Ͻ .001) ( Table 4 ).
The median follow-up duration was 83. 
DISCUSSION
Abdominal wall hernias are a common occurrence. 1, 2 In 1993, Le Blanc was the first to describe the laparoscopic approach for surgical repair using an intraperitoneal mesh. 6 The advantages of a minimally invasive surgery in terms of less postoperative pain, fewer postoperative complications, and a shorter hospital stay are well described and also in abdominal wall surgery. Because of its advantages, the laparoscopic approach to primary and incisional hernia repair allows the use of a larger mesh with a lower abdominal wall dissection, becoming the approach of choice for many surgeons. 2 authors 14 -22 have reported good clinical results for the minimally invasive approach in the short term, longterm results are less well defined, 23 with studies including a small number of patients or being dated or inconclusive. 17, 23, 24 This monocentric retrospective study, which analyzed long-term follow-up of more than 1,000 cases, reports one of the largest series of patients who have undergone laparoscopic surgery for abdominal hernia repair, using a standardized technique and a single mesh type. Our series reports only patients in whom a single type of intraperitoneal mesh was used, Parietex Composite mesh (Medtronic). In our opinion, composite meshes offer the advantage of combining both the strength of a permanent intraperitoneal mesh and an antiadhesion barrier to protect the visceral layer. Clinical experience and literature data suggest that the correct fixation of the mesh is a vital aspect of the surgical procedure, affecting both postoperative pain and early and late recurrence rates. 15, 25 Despite this, literature data are conflicting about recurrence rates following the use of absorbable or nonabsorbable staples, 11, 14, 16, 26, 27 whereas some studies suggest that the use of fibrin glue enables a vast reduction in postoperative pain with very low recurrence rates. 28 In our series, different staples were used, depending on the surgeon's choice, and this enabled us to compare the results for different device categories. Specifically, we observed a small increase in early postoperative pain in patients treated with nonabsorbable staples, whereas a significant difference in recurrences rates was noted 20, 27, 29 suggest the overlap is increased to 5 cm, especially for larger defects. In our series, only 7.29% of patients had an overlap smaller than 4 cm; in these cases, the recurrence rate was higher than 24%, whereas the rate dropped to 0 -4.0% for an overlap equal to or greater than 4 cm, thus confirming that the mesh overlap should routinely be at least 4 cm. In our results, laparoscopic ventral hernia repair resulted in a very short hospital stay, with 75% of patients staying for less than 3 d. Postoperative pain was absent or mild in more than 75% of patients. This confirms the great tolerability of the laparoscopic technique, even in larger defects. Concerning early postoperative surgical complications, an overall complication rate of 5.43% was noted, which is much lower than the 20% rate recently reported by Sanchez et al. 18 and the 13% rate reported by Heniford et al.. 23 Postoperative complications according to Clavien-Dindo classification: I, 3.30% (34 of 1,029); II, 0.97% (10 of 1,029); IIIB, 0.58% (six of 1,029); IV, 0.00% (none of 1,029); and V, 0.00% (none of 1,029). Also, our repeat surgery rate was very low, and most cases were undertaken laparoscopically, as reported by others. 14, 29 In the long term, a bulging rate and recurrence rate of less than 6% was noted. In particular, bulging was diagnosed in 58 of 1,029 patients (5.6%) and hernia recurred in 40 of 1,029 patients (3.9%). Literature data reports heterogeneous recurrence rates, ranging from 23% by Lund et al. 25 and 5% or less in other studies. 2, 30, 31 Logistic regression analyses enabled us to identify clear independent surgical risk factors for hernia recurrence as a mesh overlap smaller than 4 cm, the use of absorbable fixation devices and M1 (subxiphoidal) type. Whereas localization, an inadequate overlap and an inadequate mesh fixation are risk factors for recurrence already reported in the literature, 28, [32] [33] [34] [35] we did not see obesity as a risk factor, unlike other authors. 11 Multivariate analysis also confirmed the aforementioned risk factors. In addition, however, past radiotherapy and hepatitis C virus (HCV) are also identified as risk factors for relapse. The main limitations of this study are represented by being a single-center retrospective study without a control group.
CONCLUSION
This study demonstrates that laparoscopic repair of primary and postincisional abdominal wall hernias is a safe, effective, and reproducible procedure. Closely following surgical recommendations is a crucial factor in obtaining good results, especially the use of a mesh overlap equal to or greater than 4 cm and the use of nonabsorbable fixation staples in addition to a strict postoperative care and follow-up regimen to prevent or treat mesh infections and bulging.
